Serratia marcexens New CDC 014 : H 12 contains major outer membrane proteins of 43.5 kDal, 42 kDal (the porins) and 38 kDal (the OmpA protein) which can be separated by sodium dodecyl sulphate-polyacrylamide gel electrophoresis. Immunoblotting of whole cell or outer membrane preparations using antiserum raised against the whole cells revealed similar complex patterns of antigens. The OmpA protein was the major immunogen, although six other outer membrane proteins were also detected; the porins reacted only weakly with antibodies in this system. Immunoabsorption of antisera with whole cells showed that only the 0 antigenic chains of lipopolysaccharide and the H (flagella) antigens were accessible to antibody on the cell surface. Failure to detect the OmpA protein and other envelope antigens in this way suggests that their antigenic sites are not able to react with antibodies and are possibly masked by the 0 antigen.
I N T R O D U C T I O N
Serratia marcescens is becoming widely recognized as an important opportunistic pathogen, causing respiratory and urinary tract infections in patients with debilitating illness (Yu, 1979; von Graevenitz, 1980; Bullock et al., 1982) and outbreaks of sepsis in special care baby units (Lewis et al., 1983) . Serotyping is based on the 0 (lipopolysaccharide, LPS) and H (flagella) antigens, an 014 : H 12 combination being the most prevalent isolated from clinical infections (Pitt, 1982) . Other major antigens are the outer membrane (OM) proteins, in particular the OmpA protein (Hofstra et al., 1980) . A clearer understanding of the antigenic composition of S. rnarcescens should lead to improved serological distinction between strains and the tracing of the source of infection in outbreaks. The protective capacity of common antigens might also be exploited in the development of vaccines.
We have investigated the antigenic properties of S. marcescens New CDC (014:H12) by electrophoresis of solubilized whole cells, OMS, LPS and flagella on sodium dodecylsulphatepolyacrylamide gels and by immunoblotting using antiserum raised against whole cells. The accessibility of antigens on the cell surface was studied by immunoabsorption.
M E T H O D S
Organism and growth conditions. The reference strain used throughout the study was S . marcescens New CDC 014:H12 (kindly donated by Dr W. H. Traub, Institut fur Hygiene und Mikrobiologie, Universitat des Saarlandes, Homburg-Saar, FRG). Cells were grown to mid-exponential phase (OD,,o = 0.3) in tryptone soy broth (Lab M) in an orbital shaker at 37 "C.
Isolation of'UM, LPS andflagella. OMS were prepared by a modification of the method of Filip et al. (1973) using 2% (w/v) sodium N-lauroyl sarcosinate (Sarkosyl) to remove cytoplasmic membrane material from envelopes Abbreviations: O M , outer membrane; TBS, Tris-buffered saline.
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prepared by sonic disruption of whole cells (Williams et al., 1984) . LPS was extracted from whole cells by the method of Westphal & Jann (1965) . Flagella were prepared as described by McDonough (1963, omitting the final acid dissociation stage.
Preparation qf' antiserum. Antiserum was prepared by immunizing rabbits with UV-killed whole cells of S . marcescens as described by Driver & Lambert (1984) . The serum was treated at 56 "C for 30 min to destroy com plemen t .
Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE). Solubilized whole cells, OMS, LPS and flagella were subjected to SDS-PAGE by the system of Lugtenberg et al. (1975) using an acrylamide concentration of 12% (w/v) in the separation gel. Complete heat modification of OM proteins was achieved by denaturing samples at 100 "C for 10 min. Electrophoresis was performed at 40 mA for 4 h and the gels were stained for proteins with Coomassie blue, for LPS with silver (Tsai & Frasch, 1982) or subjected to electroblotting and immunodetection. Molecular masses were calculated by comparison with standard protein markers : bovine serum albumin, ovalbumin, pepsin, trypsinogen, P-lactoglobulin and lysozyme.
Electroblot tran$er and immunoderection. Electroblotting of the proteins separated by SDS-PAGE from the gels onto nitrocellulose membranes (pore size, 0.45 ym, Bio-Rad, Watford) was done by the method of Towbin et al. (1979) . After transfer, the blots were either stained with amido black (Wilson, 1979) to reveal proteins, or the antigens were immunodetected. Tween 20 (0.3%, v/v) in Tris-buffered saline (10 mM-Tris/HCl, 0.9%, w/v, NaCl, pH 7.4; TBS) was used to block unbound sites on the nitrocellulose; antiserum was diluted 1 in 50 in TBS-Tween 20. After washing the nitrocellulose in TBS, goat anti-rabbit IgG horseradish peroxidase conjugate (Miles-Yeda) diluted 1 in 2000 in the Tween-TBS solution was added. Finally 4-chloro-l-naphthol (25 yg ml-l) and H,Oz (0.01 %, v/v) in 10 mM-Tris/HCl pH 7.4 was used to give an enzymic colour reaction.
Zmmunoabsorption. Antigens exposed on the surface of the cell and able to interact with antibodies were isolated by a modification of the technique described by Swanson (1981) . Cells sedimented from 50ml of a midexponential phase culture (ODS70 = 0.3) were washed once and resuspended in 1 ml phosphate buffered saline (10 mwphosphate buffer, 0.9%, w/v, NaC1, pH 7.4; PBS). After addition of 500 pl heat inactivated antiserum (or PBS for controls) the cells were incubated at 5 "C for 30 min then harvested by centrifugation (lOOOOg, 5 min).
The cells were washed twice in PBS (10 ml), resuspended in 3 ml Zwittergent (1 %, w/v, Calbiochem) and incubated at 37°C for 1 h to lyse the cells without dissociating antigen-antibody complexes. Unlysed cells (approximately 10%) were removed by centrifugation (10000 g, 5 min) and the supernate passed through a column (0.5 ml bed volume) of protein A-Sepharose C L 4 B (Pharmacia) packed in a Pasteur pipette. The column was eluted with Zwittergent (1 %, w/v, 10 ml) to remove material included in the Sepharose gel but not bound via IgG to protein A. The protein A-Sepharose containing the bound antibody-antigen complexes was then washed by resuspending in water (1 0 ml) three times and finally suspended in ethanol (1 ml) and stored overnight at -20 "C. After removal of the ethanol wash by aspiration the Sepharose was suspended in water (500p1), treated with sample denaturing buffer at 100 "C for 10 min and the supernate subjected to SDS-PAGE, electroblot transfer and immunodetection of the antigens. A volume of rabbit serum containing the equivalent amount of IgG predicted to be bound to the bacteria was also passed over a protein A-Sepharose column and subjected to similar treatment. Although bands representing the heavy and light chains of IgG (50 and 25 kDal respectively) were detected on the nitrocellulose by staining with amido black, they did not give positive bands on immunodetection with goat antirabbit peroxidase conjugate. Fig. 1, lane A, shows the OM protein profile of S. marcescens New CDC 014: H12 on SDS-PAGE. The 43.5 and 42 kDal proteins are the porins, equivalent to OmpF and OmpC in Escherichia coli (Sawai et al., 1982) and the 38 kDal protein is the OmpA protein (Cole et al., 1982) . Silver staining revealed isolated LPS as a series of sharp bands forming a ladder pattern (lane B) similar to that reported for LPS for other Gram-negative bacteria (Tsai & Frasch, 1982; Hitchcock & Brown, 1983) . The multiple bands represent LPS molecules containing varying lengths of 0 antigen side chains and the heavily stained band at the leading edge of the gel represents rough LPS (lipid A and core) containing no 0 antigen. Isolated flagella (lane C) ran as a single major band of flagellin (50 kDal) with several minor bands of lower molecular weight just detectable by Coomassie blue staining of heavily overloaded gels. A corresponding 50 kDal band was not detected in the OM preparation (lane A) presumably because most of the flagella were released during sonic disruption and Sarkosyl extraction. 
RESULTS

SDS-PAGE of S . rnarcescens O M proteins, LPS and flagella
Detection of' antigens by immunoblotting
The antigenic profiles of solubilized OMS and whole cells as revealed by immunoblotting using antiserum raised to whole cells (lanes D and E) were nearly identical, showing that the whole cell antigens were predominantly OM components. Comparison of amido black stained nitrocellulose sheets with the Coomassie blue stained gels after electroblotting showed that transfer of all the major OM proteins, including the porins, was essentially complete (data not shown). The porins reacted relatively weakly on immunoblotting showing that they were either weakly antigenic or their antigenic sites were destroyed during SDS-PAGE and/or transfer. Prominent antigen bands at 7 1,68, 58,47, 38, 30.5 and 30 kDal were visible as Coomassie blue stained bands in the SDS-PAGE of solubilized OM and are therefore presumed to be OM proteins. The 38 kDal OmpA protein gave the strongest antigenic response. The faint ladder pattern obtained for isolated LPS (lane F) could be seen in the background of the immunoblots obtained using OM or whole cell preparations over the polypeptide molecular mass range 35-65 kDal. There was no evidence that the fast migrating rough LPS was antigenic, even though it was present in large quantity in the isolated LPS (lane B). The antibodies were therefore directed against the 0 antigen rather than the LPS core region. The major band in isolated flagella (50 kDal) was strongly antigenic (lane G) and could just be identified on the whole cell and OM immunoblots. Other minor bands in the isolated flagella were also antigenic.
Antigens exposed on the surface of whole cells and able to react with antibodies
Immunoabsorption of antiserum by whole cells followed by recovery and analysis of the immune complexes showed that very few of the whole cell antigens were accessible to immunoglobulins on the cell surface. The only antigens detected in this way were the major flagella band (50 kDal) and the LPS (lane H). The controls showed that little antigenic material was derived from cell debris included in the Sepharose gel (lane I) or from the protein A (lane J).
DISCUSSION
The protein composition of the OM of S . marcescens is similar to that of other Gram-negative enteric organisms. The molecular masses of the major proteins, the porins and the OmpA proteins of S . marcescens New CDC 014 : H12 are close to those reported for other S . marcescens strains (Lugtenberg et al., 1977; Winkler et al., 1978; Hofstra et al., 1980; Gutmann & Chabbert, 1984) . The identification of flagellin as a single 50 kDal band compares with similar flagellin preparations in the 50-60 kDal range for E. coZi, SaZmoneZZa typhimurium and Pseudomonas aeruginosa (Kondoh & Hotani, 1974; Montie & Stover, 1983) and 40 kDal for Proteus rnirabilis (Driver & Lambert, 1984) . Tsang et al. (1976) previously reported that LPS from an 0 8 strain of S . marcescens separated into two distinct bands on staining with a carbocyanine dye. Our resolution of the LPS into a multibanded ladder pattern can be attributed to the high sensitivity of the silver stain which permits loading of small amounts of LPS onto the gels, and consequently less streaking during electrophoresis. As reported by other workers, LPS can be transferred to nitrocellulose and immunodetected without loss of the pattern (Driver & Lambert, 1984; Karch et al., 1984) .
Immunization of rabbits with UV-killed whole cells resulted in the production of antibodies to a wide range of bacterial antigens, many of which are presumed not to be surface exposed in intact cells but revealed during phagocytic processing. The total antigenic profiles of solubilized whole cells and OMS of S . marcescens New CDC are complex, the most prominent antigens being the OmpA protein and other OM proteins of 71, 68, 58, 47, 30.5 and 30 kDal. We have investigated the antigen profiles of the solubilized whole cells and OMS of twenty clinical isolates of S . marcescens covering a range of 0 and H serotypes. Using the New CDC antiserum for immunodetection we found that in every strain the OmpA protein was the major antigen detected, although the other protein antigens were also present; the porins were barely detectable (unpublished data). The weak antigenic reaction of the porins after electrophoresis and electroblot transfer is surprising since porins of some organisms react strongly after similar treatment. For example, protein F of Ps. aeruginosa can be detected on immunoblots (Anwar et al., 1984) even though it is transferred with low efficiency (Mutharia et al., 1982) . The porins of Pr. mirabilis (Driver & Lambert, 1984) and Neisseria gonorrhoeae (Hook et al., 1984) also retain their antigenicity after transfer. Since the porins of S. marcexens have been shown to be antigenic and cross-reactive with porins of other enterobacteria by methods other than immunoblotting (Hofstra et al., 1980) , we conclude that the epitopes are lost on denaturation for SDS-PAGE and are not restored on transfer to nitrocellulose.
Although OM proteins dominate the antigenic profiles revealed by SDS-PAGE and immunoblotting, they are not accessible to antibody molecules on the surface of intact cells. One explanation is that the 0 antigens of LPS mask the proteins, interfering with access of antibodies to epitopes on protein antigens exposed on the outer face of the OM. Alternatively, epitopes recognized by the antiserum by immunoblotting might not be exposed on the surface of proteins in their native configuration in the OM. Lack of surface accessibility of the OM proteins and their cross-reaction among strains indicates that they are not of direct value for serotyping S . marcescens, although subtyping based on the Coomassie blue-stained OM protein patterns on gels might be of diagnostic value as with Haemophilus influenzae (Barenkamp et al., 198 1) . Capsular (K) antigens have been incompletely elucidated (Young & Morris, 1980) and we have found no evidence of their presence in over twenty clinical strains examined (unpublished data). The predominance of the 0 6 and 014 serotypes of S . marcescens in infections (Traub, 1982) , the surface localization of LPS and its masking of other antigens suggests that LPS is a prime candidate for exploitation as a protective antigen in a vaccine against S . rnarcescens. Traub (1983) has shown that antibodies directed against 0 antigens of challenge strains afford passive protection in mice.
